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We show that Burckhardt's method is available to codify 
phase-only filters with amplitude-only variations. Corre­
lation experimental results are given. 
The main techniques for optical pattern recognition are 
those based on the correlation between a test and an image. 
Phase-only filters (POFs) have good features for the recogni­
tion process1: high discrimination capability between simi­
lar objects and high sharp correlation peaks. Nevertheless, 
most of the graphic devices and spatial light modulators, 
such as CRTs, liquid crystal TVs (LCTVs), plotters, etc., can 
plot exclusively intensity variations, and therefore, they can 
only modulate the amplitude. With those kinds of devices it 
is not possible to obtain directly a POF. Flavin and Horner2 
proposed a method to codify POFs which presents ampli­
tude-only variations. In this work we propose another 
method for the amplitude encoded phase-only filters based 
on Burckhardt's method.3 This codification method allows 
phase-only filters to be written on an amplitude modulating 
device. 
The graphic device to be used is the laser printer which 
presents good features for the generation of holograms by 
computer.4 We present experimental results of the impulse 
response and of the correlation obtained by using a CGH 
made with the proposed technique. 
Burckhardt's method is based on the possibility of the 
decomposition of a complex value into three complex num­
bers with positive amplitudes and phases equal to 0, 2π/3, 
and 47r/3. This is a simplification of Lee's method5 which 
has four components with phases equal to 0,π/2, π, and 3π/2. 
Then, the transmission of each pixel on the filter, A exp(ƒФ), 
is replaced by the following equation: 
Fig. 1. Scene used in the detection process. The target to be 
recognized is the upper butterfly (B1). 
Fig. 2. Phase-only filter of Bl printed by a laser printer. 
where A0, A1, and A2 are real and positive numbers. The 
decomposition of Eq. (1) is not the only one. To obtain the 
experimental results we used the decomposition suggested 
by Burckhardt: the minor component A0, A1, or A2 becomes 
equal to zero in each pixel.6 
Each pixel of the filter is represented in the hologram by a 
cell with three apertures with transmissions A0, A1, and A2. 
By illuminating the hologram with an inclined beam in such 
a way that the phase variation between the two sides of a cell 
is equal to 2π, the complex amplitude A exp(jΦ) is obtained. 
The transmission of a hologram used as a matched filter is 
the FT of the object to be detected: 
The POF is generated by setting the amplitude A(μ,γ) 
equal to one: 
This filter can be coded with the same method presented 
above, and in this way, a POF with amplitude-only variation 
is obtained. 
A laser printer with a resolution of 300 dpi is used to plot 
the hologram. If the object has 128 × 128 pixels, a cell of 18 
× 18 dots is allowed as the maximum size when the drawing 
of the hologram is ~7.5 × 7.5 in.2. Each of the cell apertures 
will contain 18 × 6 = 108 dots. The transmission in ampli-
tude Ai of every aperture depends on the number of blocked 
out dots. Devices that can give grey levels, such as a LCTV, 
allow the control of the aperture transmission with the grey 
level. 
Binary POFs can be generated with a simplification of this 
method. In each cell there would not be three apertures but 
two. Phase Φ = 0 is obtained by blocking out an aperture, 
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and phase Φ = π, by doing so with the other aperture. It is 
evident that less resolution is necessary. 
The negative of the image to be used in the recognition 
experiments is shown in Fig. 1. The filter is obtained from 
the upper butterfly (Bl). The POF of Bl is shown in Fig. 2. 
To make the filter, a high resolution and high contrast com­
mercial film was used. The negative of Fig. 2 was sand­
wiched in a liquid gate to reduce the phase variations intro­
duced by the film. The impulse response from the filter is 
shown in Fig. 3. Figure 3(a) corresponds to the simulation 
result and Fig. 3(b) to the experimental result. An edge 
enhancement has been produced because the high frequen­
cies have been powered by making the modulus of the FT of 
the object constant. The experimental result [Fig. 3(b)] was 
obtained by illuminating the hologram (Fig. 2) perpendicu­
larly with a parallel beam. The Bl reconstruction appears in 
the first diffraction order. By comparing Figs. 3(a) and (b), 
it is possible to observe the agreement between the theoreti­
cal prediction and the experimental result. 
The correlation results of the POF with the image given in 
Fig. 1 are shown in Fig. 4. Figure 4(a) represents the com­
puter simulation, and Fig. 4(b) the experimental results. To 
obtain the optical correlation a convergent correlator was 
used to match the sizes of the FT of the scene and the filter. 
The scene reconstruction [Fig. 4(b)] also appears on the 
correlation plane due to the correlation between the scene 
and the delta function at the origin of the impulse response 
[Fig. 3(b)]. Figure 4 shows the good capacity of this kind of 
filter for discriminating between similar objects and the 
detectability of the correlation peak (sharp and energetic 
peak) which are fundamental features of POFs. The codify­
ing method implies that the efficiency is not equal to 100% 
because the filter is not completely transparent. Neverthe­
less, that efficiency is greater than that of the classical 
matched filter codified with this method. 
It has been shown that the amplitude encoded POF pro­
posed in this paper gives good results used for pattern recog­
nition, because very clearly detectable peaks and high dis­
crimination ability is obtained. Moreover, the laser printer 
has sufficient resolution to plot the filters. These results 
show that the quantization does not make appearance degra­
dations in the correlation peak. 
Fig. 3. (a) Result of the computer simulation of the filter impulse 
response and (b) optical impulse response of the filter. 
Fig. 4. (a) Computer simulation of the cross correlation and (b) 
optical correlation obtained with the POF codified with the pro­
posed method. 
10 December 1990 / Vol. 29, No. 35 / APPLIED OPTICS 5233 
This work was carried out with the financial support of the 
DGICYT (Direccion General de Investigacion Cientifica y 
Tecnica), project PB87-0779. 
References 
1. J. L. Horner and P. D. Gianino, "Phase-Only Matched Filtering," 
Appl. Opt. 23, 812-816 (1984). 
2. M. A. Flavin and J. L. Horner, "Amplitude Encoded Phase-Only 
Filters," Appl. Opt. 28, 1692-1696 (1989). 
3. C. B. Burckhardt, "A simplification of Lee's Method of Generat-
ing Holograms by Computer," Appl. Opt. 9, 1949 (1970). 
4. A. J. Lee and D. P. Casasent, "Computer Generated Hologram 
Recording Using a Laser Printer," Appl. Opt. 26, 136-138 (1987). 
5. W. H. Lee, "Sampled Fourier Transform Hologram Generated by 
Computer," Appl. Opt. 9, 639-643 (1970). 
6. H. 0. Bartelt and K. D. Forster, "Computer Generated Holo-
grams with Reduced Phase Errors," Opt. Commun. 26, 12-16 
(1978). 
5234 APPLIED OPTICS / Vol. 29, No. 35 / 10 December 1990 
